Abstract: We present, for the first time, wavelength conversion of 80 Gbit/s optical DQPSK. The wavelength conversion is achieved using FWM in a highly non-linear fibre. We demonstrate a conversion power penalty as low as 2.8 dB. Here, we present the first demonstration of wavelength conversion of ultra-high bit rate phase modulated signals. Using FWM in a highly non-linear fibre (HNLF), we demonstrate wavelength conversion of 40 Gbit/s DBPSK and 80 Gbit/s DQPSK signals with conversion power penalty less than 2.8 dB.
1. Introduction Differential quadrature phase shift keying (DQPSK) has recently been proposed as a modulation format for optical communication networks [1] . Benefits of DQPSK include reduced spectral width, improved dispersion tolerance, and reduced required electrical bandwidth compared to binary modulation formats at the same bit rate. Recent experiments have demonstrated transmission over 6500 km [2] , system capacity above 4 Tbit/s [3] and very high spectral efficiency [4] [5] [6] , proving DQPSK as a suitable modulation format for today's optical communication systems. The high spectral efficiency makes DQPSK an attractive modulation format when designing new or upgrading existing optical links in order to maximise the capacity in a given bandwidth.
Large dispersion tolerance is required in reconfigurable optical networks where the fibre path, and thus the accumulated dispersion can vary. DQPSK can increase the reach of such systems. Wavelength conversion is expected to be an essential feature of future all-optical networks. However, conventional wavelength conversion methods-such as those based on cross gain modulation (XGM) in a semiconductor optical amplifier (SOA) or cross-phase modulation (XPM) in SOA interferometric structures [7] -disregard the phase information and thus prevent the conversion of phase modulated signals. Four-wave mixing (FWM) can be utilised to obtain phasepreserving wavelength conversion, as demonstrated in [8] for a 2.5 Gbit/s differential binary phase shift keying (DBPSK) signal using FWM in non-linear fibre, and in [9] for a 10 Gbit/s DBPSK signal using FWM in a SOA.
Here, we present the first demonstration of wavelength conversion of ultra-high bit rate phase modulated signals. Using FWM in a highly non-linear fibre (HNLF), we demonstrate wavelength conversion of 40 Gbit/s DBPSK and 80 Gbit/s DQPSK signals with conversion power penalty less than 2.8 dB.
Results and Discussion
As shown in Fig. 1 , the 80 Gbit/s DQPSK signal was generated using a phase modulator and a Mach Zehnder (MZ) modulator in series. Continuous wave (CW) light at a wavelength of 1552.0 nm was first modulated by a phase modulator driven by a 40 Gbit/s data signal having an amplitude resulting in a 11/2 phase change. After the phase modulator, a MZ modulator added a ir phase shift. The MZ modulator was driven with a peak-to-peak voltage equal to twice the modulator switching voltage V, which is a commonly used method of DBPSK signal generation. By disabling the phase modulator, we could generate a 40 Gbit/s DBPSK signal with the same setup. The eye diagram of the generated signal-the same for 40 Gbit/s DBPSK and 80 Gbit/s DQPSK-is shown in Fig. 2(a) . At the pre-amplified receiver, the signal was demodulated using a MZ delay interferometer with a ±i/4 phase shift in one arm, and received using a 45 GHz balanced photodetector. The sign of this phase shift determined which of the two DQPSK tributaries was demodulated. The delay difference between the two arms of the demodulator was 23.5 ps, optimised for a symbol rate of 43 Gbaud. The eye diagram of the electrical demodulated signal in the backto-back configuration is shown in Figs. 2(b) and 2(c) for DBPSK and DQPSK, respectively. The inter-symbol interference shown on the back-to-back eye diagram is due to limited bandwidth of the phase modulator (22 GHz), and the 2V1, driver for the MZ modulator (28 GHz).
A 27-1 pseudo-random bit sequence (PRBS) and an inverted 27-l PRBS were used for the MZ modulator and phase modulator, respectively. The two patterns were decorrelated by a relative delay of 48 bits. Pre-coding was not applied to the transmitted data for DQPSK, instead the error detector was programmed with the expected bit pattern. Due to the lack of a programmable 40 Gbit/s error detector, the received signal was electrically demultiplexed to 10 Gbitls, and the errors counted on a programmable 10 Gbit/s error detector.
Wavelength conversion was realised using FWM in a 1 km HNLF-supplied by OFS Fitel Denmark-with a non-linear coefficient y = 10.9 W'1km 1. The signal was fed into the HNLF along with a pump at a wavelength of 1553.2 nm. At the fibre input, the power of the data and pump was 14 and 17 dBm, respectively. Fig. 3 shows the optical power spectrum of the signal at the input and output ofthe HNLF, and it is seen that FWM products were WkWe/4td for DBPSK and DQPSK, respectively. It is seen that the waveform is very well preserved after wavelength conversion, and that the main degradation is noise due to reduced optical signal-to-noise ratio.
Conclusion
Using FWM in a HNLF, we have for the first time demonstrated wavelength conversion of an 80 Gbit/s DQPSK signal. The conversion penalty is found to be 2.8 dB, which is only 0.2 dB more that the conversion penalty for 40 Gbit/s DBPSK.
